Successful treatment of steroid-refractory immune thrombocytopenia with alemtuzumab TO THE EDITOR: Immune thrombocytopenia (ITP) is an immune-mediated disease characterized by an isolated decrease in platelet count. There are multiple mechanisms underlying this disease, including autoantibodies against platelet membrane proteins and impaired platelet production [1] . In children, ITP is usually acute and the children have a spontaneous recovery, whereas in adults, ITP is chronic and irreversible. First-line therapy for ITP is corticosteroids, which have response rates of 50%-90%; however, a durable response is observed in only 10-30% of patients. For steroid-refractory ITP, there are several treatments, such as splenectomy, danazol, azathioprine, cyclophosphamide, cyclosporine, rituximab, and thrombopoietin (TPO) receptor agonists [2] .
Splenectomy induces a durable complete response in approximately 70% of patients with steroid-refractory ITP. However, it is associated with operative risks and postoperative complications such as encapsulated bacterial infections [3] . Rituximab has a good response rate of approximately 60% and a complete response rate of approximately 40%, though the durability over 5 years is only 15-20% [4] . Recently, the TPO receptor agonists, romiplostim and eltrombopag, demonstrated potent activity and had a response rate of more than 80%. However, However, their mechanism of action require relatively long maintenance period [5] . Other third-line therapies demonstrate minimal efficacy and their response duration is often short.
Alemtuzumab, an anti-CD52 humanized monoclonal antibody, has shown strong durable immune suppression and has been used for lymphoproliferative disorders and autoimmune diseases such as multiple sclerosis. One study reported the safety and efficacy of alemtuzumab plus low-dose rituximab in patients with steroid-refractory ITP. The overall response rate was 100% and the median response duration was 46 weeks [6] . Another study reported about a patient with ITP and pure red cell aplasia who showed dramatic elevation of platelet count and hemoglobin levels after alemtuzumab treatment [7] . Since there are few reports assessing the utility of alemtuzumab for treating ITP, this report documents the successful treatment of steroid-refractory ITP with alemtuzumab.
We administered alemtuzumab to two patients (patient 1 and patient 2) who were diagnosed with ITP several years ago. Both patients were female, aged 48 and 50 years, respectively. Both had severe steroid-refractory thrombocytopenia and did not respond to other treatments. Alemtuzumab was administered subcutaneously at a dose of 30 mg on days 1, 3, 5, 29, 31, and 33. We administrated 100 mg hydrocortisone intravenously and 650 mg acetaminophen orally 30 minutes prior to alemtuzumab administration to prevent acute hypersensitivity reactions. Prophylaxis for Pneumocystis jirovecii infection with co-trimoxazole was maintained for 12 weeks after treatment or until the CD4+ T-lymphocyte count increased to ≥200/μL. We performed complete blood counts and cytomegalovirus (CMV) antigen tests weekly and chest radiographies once every 4 weeks. We also tested CD4+, CD8+, and CD4+/CD25+ T-lymphocyte counts before alemtuzumab administration and then repeated every 4 weeks.
A complete response (CR) was defined by a platelet count of ≥100×10 9 /L and a partial response (PR) was defined by a platelet count of ≥50×10
Patient 1 showed no response to treatment including high-dose steroids, splenectomy, danazol, rituximab, tacrolimus, mycophenolate, and azathioprine. Thus, alemtuzumab administration was started in August 2011. Her platelet count increased in the first week, from 18×10 9 /L to 49×10 9 /L, but did not sustain for a long duration. After that, the platelet count fluctuated for several weeks, rapidly increasing after week 16; finally, PR was achieved at week 20 and CR at week 24. At week 5, patient 1 showed 1,156 per 200,000 polymorphonuclear leukocytes in pp65 CMV antigenemia test and elevated liver enzyme levels indicating CMV hepatitis, but it was managed with oral ganciclovir. We did not administer alemtuzumab on day 33 because of the hepatitis. This was the only documented infection or complication after alemtuzumab treatment. The CR was maintained through November 2014. This patient did not come back to the clinic thereafter.
Patient 2 had severe thrombocytopenia with a platelet count of less than 10,000×10 9 /L; the patient required re- peated platelet transfusions to control bleeding. Treatment with alemtuzumab began in April 2012. Her platelet count increased gradually at week 5; she achieved CR at week 24 and CR was sustained for 3 years through October 2015 (Fig. 1) . There was no definitive infection or complication. Lymphocyte count had a tendency to decrease after alemtuzumab administration, but it recovered. The CD4+ and CD4+/CD25+ lymphocyte counts were suppressed until week 12; however, their counts increased after week 16 up to the baseline levels. The CD8+ lymphocyte count showed a similar pattern except for much higher increase in those of week 16. This pattern was related to the platelet response pattern from alemtuzumab treatment (Fig. 2) .
CD52 is highly expressed on the membranes of most B and T lymphocytes, monocytes, macrophages, eosinophils, natural killer cells, and dendritic cells [8, 9] . Watanabe et al. suggested that CD52 may induce and activate regulatory T-cells [10] . Alemtuzumab, a CD52 monoclonal antibody, causes strong prolonged immunosuppression through complement-mediated and antibody-dependent cellular cytotoxicity (ADCC) that it is used in many immune-related diseases such as multiple sclerosis, chronic lymphocytic leukemia, and graft-versus-host disease [11] [12] [13] . As the pathogenesis of ITP is heterogeneous, responses to single agents are usually unsuccessful or transient. Alemtuzumab could induce a dramatic immunologic response because it acts on several immunologic effector and regulatory cells. However, the durable response of alemtuzumab in cases of steroid-refractory ITP cannot be explained. Hypothetically, alemtuzumab might have caused a significant immune reconstitution; this is similar to the findings of previous studies that reported substantial changes in T-cell composition in ITP patients with a durable response [14, 15] .
In these cases, alemtuzumab showed excellent and prolonged responses in two patients with refractory ITP. Both patients showed slow initial platelet count increases but demonstrated rapid improvement between weeks 8 and 24. Surprisingly, the response was sustained for 3 years. Although there was a high risk of infection because of the potent immunosuppression by alemtuzumab, no clinically significant infectious complications occurred in either patient, despite their age and previous treatment with multiple immunosuppressants. One patient experienced CMV hepatitis at week 5, but it was well manageable with ganciclovir. CD4+, CD8+, and CD4+/CD25+ lymphocyte counts initially decreased but recovered several months later. In conclusion, we suggest that alemtuzumab could be a viable option for patients with refractory and heavily pre-treated ITP, but this observation requires confirmation with large-scale prospective studies.
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